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Description 

Technical Field of the Invention 



[0001] The invention relates to the use of antifreeze 
proteins in ice confections. In particular the invention re- 
lates to the use of antifreeze proteins in ice confections 
to restrict the flow of flavours and/or colour. 

Background to the Invention 

[0002] It is a well-known problem that when an ice 
confection such as a water ice is consumed the flavour 
and colour is quickly sucked out of the product leaving 
essentially a block of ice which is of limited enjoyment 
to eat. 

[0003] Further in ice confections such as water ice 
which are comprised of a number of different compo- 
nents, each having a different colour or flavour, the 
boundary between each component is not sharp and 
distinct because of the flow of the colour or flavour to a 
certain extent from one component to another. Conse- 
quently it has not been possible to date to provide an 
ice confection having thin components of a different fla- 
vour or colour which remain distinct. 
[0004] WO 98/04146 (Unilever) discloses that AFPs 
can be incorporated into frozen food products such as 
ice confections to provide desirable product properties 
providing that the product and processing conditions are 
varied such that the ice crystals provided in the product 
have an aspect ratio of more than 1.9, preferably from 
1.9 to 3.0. The specific examples in WO 98/04146 are 
all ice cream compositions. WO 98/04146 does not 
teach that it is possible to restrict the flow of colour and/ 
or flavour in water ice products by the inclusion of an 
antifreeze protein in the water ice composition. 
[0005] WO 96/39878 discloses a method for making 
a frozen composition for storage, the method not requir- 
ing a hardening step prior to storage. The frozen com- 
position contains an antifreeze protein, in particular 
Type I AFP. Examples show the preparation of an aer- 
ated ice cream and an aerated frozen yoghurt. WO 
96/39878 does not teach that it is possible to restrict the 
flow of colour and/or flavour in water ice products by the 
inclusion of an antifreeze protein in the water ice com- 
position. 

[0006] US 5 118 792 (Warren et al) discloses the ad- 
dition of fusion proteins, and in particular the fusion pro- 
tein protein A-Saf5 into foods which are to be consumed 
frozen, for example, ice cream, frozen yoghurt, ice milk, 
sherbet, popsicles and frozen whipped cream. No ex- 
amples are given where a final ice confection product is 
provided containing such fusion proteins. It is shown in 
Example 3B that when a popsicie formulation is used 
within the "splat assay", growth of the ice crystals is re- 
stricted. US 5 118 792 does not teach that it is possible 
to restrict the flow of colour and/or flavour in water ice 
products by the inclusion of an antifreeze protein in the 



water ice composition. 

[0007] We have now found that the addition of anti- 
freeze proteins to ice confections restricts the flow of 

flavour and/or colour. 

5 

Disclosure of the Invention 

[0008] Accordingly the invention provides the use of 
an antifreeze protein within an ice confection to restrict 
10 the flow of flavour or colour ions or molecules present 
as either solutes or a dispersion wherein the ice confec- 
tion contains no protein other than the antifreeze pro- 
tein. 

[0009] By antifreeze protein (AFP) is meant a protein 
15 which has significant ice recrystallisation inhibition prop- 
erties as measured in accordance with Example 1. The 
AFP provides an ice particle size upon recrystallisation 
of less than 20^im, more preferred from 5 to 15|xm. 
[0010] Preferably the ice confection comprises at 
20 least 0.0005% by weight antifreeze protein, more pref- 
erably 0.0025% by weight antifreeze protein. Typically 
the ice confection will comprise from 0.0005% by weight 
to 0.005% by weight antifreeze protein. 
[0011] For some applications it may be advantageous 
25 to include a mixture of two or more different AFPs into 
the ice confection. 

[0012] The AFP for use in products of the invention 
can be any AFP suitable for use in food products. Ex- 
amples of suitable sources of AFP are for example given 

so in the article "Antifreeze proteins and their potential use 
in frozen food products", Marylin Griffith and K. Vanya 
Ewart, Biotechnology Advances, vol 13, pp375-402, 
1995 and in patent applications WO 98/04699, WO 
98/04146, WO 98/04147, WO 98/04148 and WO 

35 98/22591. 

[0013] The AFPs can be obtained from their sources 
by any suitable process, for example the isolation proc- 
esses as described in the above mentioned documents. 
[0014] One possible source of AFP materials is fish. 

■fo Examples offish AFP materials are antifreeze glycopro- 
teins (AFGP) (for example obtainable from Atlantic cod, 
Greenland cod and Tomcod), type I AFP (for example 
obtainable from Winter flounder, Yellowtail flounder, 
Shorthorn sculpin and Grubby sculpin), Type II AFP (for 

45 example obtainable from Sea raven, Smelt and Atlantic 
herring) and type III AFP (for example obtainable from 
Ocean Pout, Atlantic wolffish, Radiated shanny, Rock 
gunnel and Laval's eelpout). A preferred example of the 
latter type is described in WO 97/02343. 

so [0015] Another possible source of AFP material is in- 
vertebrates. Also AFPs may be obtained from Bacteria. 
[0016] A third possible source of AFP material is 
plants. Examples of plants containing AFPs are garlic- 
mustard, blue wood aster, spring oat, winter cress, win- 

55 ter canola, Brussels sprout, carrot, Dutchman's breech- 
es, spurge, daylily, winter barley, Virginia waterleaf, nar- 
row-leaved plantain, plantain, speargrass, Kentucky 
bluegrass, Eastern cottonwood, white oak, winter rye, 
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bittersweet nightshade, potato, chickweed, dandelion, 
spring and winter wheat, triticale, periwinkle, violet and 

[0017] Both naturally occurring species may be used 
or species which have been obtained through genetic 
modification. For example micro-organisms or plants 
may be genetically modified to express AFPs and the 
AFPs may then be used in accordance to the present 
invention. 

[0018] Genetic manipulation techniques may be used 
to produce AFPs having at least 80%, more preferred 
more than 95%, most preferred 100% homology to the 
AFPs directly obtained from the natural sources. For the 
purpose of the invention these AFPs possessing this 
high level of homology are also embraced within the 
term "AFPs". 

[0019] The genetic manipulation techniques may be 
used as follows: An appropriate host cell or organism 
would be transformed by a gene construct that contains 
the desired polypeptide. The nucleotide sequence cod- 
ing for the polypeptide can be inserted into a suitable 
expression vector encoding the necessary elements for 
transcription and translation and in such a manner that 
they will be expressed under appropriate conditions (for 
example in proper orientation and correct reading frame 
and with appropriate targeting and expression sequenc- 
es). The methods required to construct these expres- 
sion vectors are well known to those skilled in the art. 
[0020] A number of expression systems may be uti- 
lised to express the polypeptide coding sequence. 
These include, but are not limited to, bacteria, yeast in- 
sect cell systems, plant cell culture systems and plants 
all transformed with the appropriate expression vectors. 
[0021] A wide variety of plants and plant cell systems 
can be transformed with the nucleic acid constructs of 
the desired polypeptides. Preferred embodiments 
would include, but are not limited to, maize, tomato, to- 
bacco, carrots, strawberries, rape seed and sugar beet. 
[0022] For some natural sources the AFPs may con- 
sist of a mixture of two or more different AFPs. 
[0023] Preferably the antifreeze protein is chosen 
such that it gives an aspect ratio of more than 1 .9 to the 
ice crystal, preferably from 1.9 to 3.0, more preferably 
from 2.0 to 2.9, even more preferred from 2.1 and 2.8 
(see WO 98/04146). Aspect ratio is defined as the max- 
imum diameter of a particle divided by its minimum di- 
ameter. The aspect ratio can be determined by any suit- 
able method. A preferred method is illustrated in the Ex- 
amples (Example 3). 

[0024] For the purpose of the invention the preferred 
AFPs are derived from fish. Especially preferred is the 
use of fish proteins of the type III, most preferred HPLC 
12 as described in our case WO 97/02343. 
[0025] Suitable ice confections which contain no pro- 
tein other than the AFP include water ices, sorbet, gran- 
itas and frozen fruit purees. 

[0026] Preferably the ice confection is a water ice. 
[0027] By water ice is meant a frozen solution made 



essentially from water, sugar, fruit acid or other acidify- 
ing agent, colour, fruit or fruit flavouring. 
[0028] The water ice will typically have an ice content 

of at least 30% by volume when measured at -18°C, 
5 more preferably at least 40% by volume when measured 
at -1 8°C, most preferably at least 50% by volume when 
measured at -18°C. 

[0029] The ice content may be determined following 
the techniques described in the article by B de Cindio 

10 and S Correra in the Journal of Food Engineering, Vol- 
ume 24, pages 405-415, 1995. The enthalpy data re- 
quired for this technique is obtained using adiabatic ca- 
lorimetry (Holometrix Adiabatic Calorimeter). The ice 
contents as expressed herein are measured on an 80g 

15 sample poured into the sample holder of the calorimeter 
and cooled to -75°C by placing the assembly in dry ice 
prior to placing in the calorimeter (pre-cooled to between 
-70°C and -80°C). The enthalpy data obtained was an- 
alysed to give ice content as a function of the tempera- 

20 ture following the method of Cindio and Carrera. 

[0030] In general the water ice has a total soluble sol- 
ids content of less than 40% by weight, preferably less 
than 25% by weight, most preferably less than 15% by 
weight. For low calorie water ices the soluble solids con- 

25 tent may be as low as approximately 5% by weight. 
[0031] The total soluble solids content is measured at 
4°C and is the % by weight of the total composition that 
is dissolved at that temperature. 
[0032] The ice confection may be aerated or unaerat- 

30, ed, , preferably the ice confection is unaerated. 

[0033] By unaerated is meant an ice confection hav- 
ing an overrun of less than 25% (equivalent to 0.2 vol- 
ume fraction of air), preferably less than 10% (equiva- 
lentto 0.09 volume fraction of air). During the processing 

35 of the ice confection no deliberate steps such as whip- 
ping are undertaken to increase the gas content of the 
product. However, it should be realised that during nor- 
mal methods for the preparation of non-aerated ice con- 
fections, low levels of gas or air may be incorporated 

40 into the product, for example due to the mixing condi- 
tions use. 

[0034] Typical colour materials used in ice confec- 
tions could for example include carmoisine, carotene, 
anthocyanins, chlorophyll, chlorophyllins, copper com- 

45 plexes of chlorophylls & chlorophyllins, riboflavin, ribo- 
flavin-5'-phosphate, caramels, vegetable carbon black, 
paprika extract, capsanthin, capsorubin, beetroot Red, 
calcium carbonate, titanium dioxide, iron oxides & hy- 
droxides, annatto extract, curcumin, tartrazine, quino- 

50 line yellow, sunset yellow FCF, cochineal, ponceau 4R, 
allura red AC, patent blue V, indigo carmine, brilliant 
blue FCF, green S, brilliant black BN, brown HT, lyco- 
pene, beta-apo-8'-carotenal (C30), ethyl ester of Beta- 
apo-8'-carotenic acid (C30) and lutein 

55 [0035] Typical flavour materials used in ice confec- 
tions could for example include natural, nature identical 
or synthetic flavour compounds, examples of which in- 
clude; cherry, strawberry, raspberry, orange, banana, 
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lemon, lime, lychee, guava, passion fruit, mango, grape, 
kiwi, melon, pineapple, papaya, apple, plum, apricot, 
peach, pear, mint, toffee, caramel, licorice, coffee, cot- 
ton candy and bubblegurn. 

[0036] The inclusion of antifreeze proteins into ice 
confections results in the formation of a strong, close- 
packed continuous network of ice crystals within the ice 
confection. 

[0037] By close-packed continuous network of ice 
crystals is meant that any given ice crystal is connected 
to at least one other ice crystal. 
[0038] In unaerated ice confections which have been 
frozen with agitation, the degree of network formation 
can be measured as contiguity. 
[0039] Contiguity is defined as the ratio of the particle 
to particle interface area divided by the total interface 
area. It is thus a measure of the degree of network for- 
mation of the particle phase. Example 2 shows a method 
for the measurement of contiguity. 
[0040] Unaerated ice confections according to the in- 
vention have a contiguity of at least 0.2, as measured 
by the test given in Example 2, for an ice content of from 
50-90%, preferably 54-85% by weight when measured 
at-18°C. 

[0041] In unaerated ice confections which have been 
frozen by any means, the degree of network formation 
can be measured as the Euler-Poincare characteristic 
of the ice phase. The Euler-Poincare characteristic is a 
measure of the degree of network formation of a partic- 
ular phase. The lower and more negative the value of 
the Euler-Poincare characteristic, the greater the conti- 
nuity of the phase in question. Example 4 shows a meth- 
od for the measurement of the Euler-Poincare charac- 
teristic. 

[0042] Unaerated ice confections according to the in- 
vention have an ice phase Euler-Poincare characteristic 
of less than -150mm" 2 , as measured by the test given 
in Example 4, for an ice content of from 50-90%, pref- 
erably 54-85% by weight when measured at -18°C. 
[0043] The use of an antifreeze protein within an ice 
confection to restrict the flow of flavour or colour ions or 
molecules present as either solutes or a dispersion pro- 
vides a number of advantages. 
[0044] In particular, ice confection products are pro- 
vided for which the flavour and/or colour is not signifi- 
cantly sucked out during consumption. Flavour and/or 
colour is retained throughout the ice confection during 
the total consumption time. 

[0045] A further advantage of the use of AFP to re- 
strict the flow of flavour and/or colour is that multi-com- 
ponent products may be provided, each component 
having a different flavour and/or colour and the distinc- 
tion between each component remains sharp. In partic- 
ular this allows products having thin components of dif- 
ferent colour and/or flavour to be provided. Each thin 
component remaining distinct from one another, there 
being substantially no merging of the different flavour 
and/or colour over time. 



[0046] The ice confection according to the invention 
may comprise the entire product or may be included 
within a composite product. 

[0047] For example a product may be provided having 
5 a conventional ice cream core coated with 2 or more thin 
layers of water ice containing AFP, each layer of water 
ice being a different flavour and/or colour. 

Examples 

[0048] The invention will now be illustrated by means 
of the following examples. 

Example 1 

15 

[0049] Method of determining whether an AFP pos- 
sesses ice recrystallisation inhibition properties. 
[0050] Recrystallisation inhibition properties can be 
measured using a modified "splat assay" (Knight et al, 

20 1988). 2.5|x! of the solution under investigation in 30% 
(w/w) sucrose is transferred onto a clean, appropriately 
labelled, 16 mm circular coverslip. A second coverslip 
is placed on top of the drop of solution and the sandwich 
pressed together between finger and thumb. The sand- 

25 wich is dropped into a bath of hexane held at -80°C in 
a box of dry ice. When all sandwiches have been pre- 
pared, sandwiches are transferred from the -80°C hex- 
ane bath to the viewing chamber containing hexane held 
at -6°C using forceps pre-cooled in the dry ice. Upon 

30 transfer to -6°C, sandwiches can be seen to change 
from a transparent to an opaque appearance. Images 
are recorded by video camera and grabbed into an im- 
age analysis system (LUCIA, Nikon) using a 20x objec- 
tive. Images of each splat are recorded at a time = 0 and 

35 again after 60 minutes. The size of the ice-crystals in 
both assays is compared by placing the slides within a 
temperature controlled cryostat cabinet (Bright Instru- 
ment Co Ltd, Huntingdon, UK). Images of the samples 
are transferred to a Quantimet 520 MC image analysis 

40 system (Leica, Cambridge UK) by means of a Sony 
monochrome CCD video camera. Ice crystal sizing was 
performed by hand-drawing around ice-crystal. At least 
400 crystals were sized for each sample. The ice crystal 
size was taken as being the longest dimension of the 

45 2D projection of each crystal. The average crystal size 
was determined as the number average of the individual 
crystal sizes. If the size at 30-60 minutes is similar or 
only moderately (less than 1 0%) increased compared 
to the size at t=0, and/or the crystal size is less than 20 

50 micrometer, preferably from 5 to 15 micrometer this is 
an indication of good ice recrystallisation inhibition prop- 



[0051] Contiguity is measured using microstructural 



Example 2 

55 

Measurement of Contiguity 
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images of the ice confection using cryogenic scanning 
electron microscopy (SEM). Structures are imaged us- 
ing the technique described in "A low temperature scan- 
ning electron microscopy study of ice cream, !. Tech- 
niques and general microstructure" Food Structure Vol. 
11 (1992), pp 1-9. 

[0052] In a particulate composite, the Contiguity of the 
particulate phase is defined as the ratio of the particle 
to particle interface area divided by the total internal in- 
terface area. It is a measure of the degree of network 
formation of the particulate phase. In ice confections the 
particles are ice crystals within the matrix and thus con- 
tiguity of the ice is defined as; 



where C (J is the contiguity, A# is the total interfacial sur- 
face area of ice-ice interfaces and A jm is the interfacial 
surface area of ice-matrix interfaces. Contiguity can be 
measured from microstructural images of random pla- 
nar surfaces cut through the material. Cryo-SEM imag- 
es of flat fracture surfaces of unaerated ice confection 
are sufficient for this. 

[0053] By placing an array of lines on the image of the 
microstructure, the number of intercepts of these lines 
with ice-ice and ice-matrix interfaces are counted and 
combined in the following equation, to give the contigu- 
ity; 

_ 2N„ 

where N ri = number per unit length of ice-ice intercepts 
and N im = number per unit length of ice-matrix inter- 
cepts. 

[0054] Ideally, approximately 800 interfaces were 
counted from a total of 5 images that are representative 
of each sample's structure. 

[0055] To determine contiguity, two sets of measure- 
ments were taken from each image. After placing a reg- 
ular set of I ines onto the image, the number of intercepts 
of the ice-matrix and ice-ice interfaces with these lines 
were counted, only including all obvious ice-ice interfac- 
es. The count was then repeated, but this time with all 
possible ice-ice interfaces included. As such, a maxi- 
mum ice contiguity measurement and a minimum ice 
contiguity measurement was made for each image. The 
mean of these figures is then taken as the contiguity val- 
ue. 

Example 3 

Aspect Ratio Measurement 

[0056] Samples were equilibrated at-18°C in a Prolan 



environmental cabinet for approximately 12 hours. Mi- 
croscopic slides were prepared by smearing a thin layer 
of ice confection from the centre of thin glass plates. 
[0057] Each slide was transferred to a temperature 

5 controlled microscopic stage (at -18°C) where images 
of ice crystals (about 400 individual ice crystals) were 
collected and relayed through a video camera to an im- 
age storage and analysis system. 
[0058] The stored ice crystal images were highlighted 

10 manually by drawing around its perimeter which then 
highlights the whole crystal. Images of the highlighted 
crystals were then measured using the image analysis 
software which counts the number of pixels required to 
complete the longest diameter (length), shortest diam- 

15 eter (breadth), the aspect ratio (length/breadth). 

[0059] The average aspect ratio for the crystals was 
calculated. 

Example 4 

20 

Measurement of Euler-Poincare characteristic 

[0060] The Euler-Poincare characteristic is measured 
using microstructural images of the ice confection using 

25 cryogenic scanning electron microscopy (SEM). Struc- 
tures are imaged using the technique described in "A 
low temperature scanning electron microscopy study of 
ice cream. I. Techniques and general microstructure" 
Food Structure Vol. II (1992), pp 1-9. 

30 [0061] In a two-phase composite structure, the de- 
gree of continuity of one phase can be measured using 
the Euler-Poincare characteristic. The lower the value 
of the Euler-Poincare characteristic for a phase, the 
more continuous or connected that phase is within the 

35 microstructure. The Euler-Poincare characteristic can 
be a positive or negative number. The definition of the 
Euler-Poincare characteristic is given in "Unbiased es- 
timation of the Euler-Poincare characteristic" by B.P. 
Pinnamaneni, C. Lantuejoul, J. P. Jernot and J.L. Cher- 

40 mant, Acta Sterelogica, 1989, 8/2, p101-106. 

[0062] To measure the Euler-Poioncare characteristic 
for ice in ice confections, identification of the ice and ma- 
trix phases on the microstructural images was per- 
formed and using an image analysis system, the ice 

45 phase Euler-Poincare characteristic was determined 
using a specifically written analysis program. Whenever 
contrast in the images was insufficient for the image 
analysis system to automatically distinguish ice and ma- 
trix separately, the interface between the two was iden- 

50 tified manually, thus enabling accurate determination of 
the Euler-Poincare characteristic. 
[0063] The Euler-Poincare characteristic can be 
measured for ice in an ice confection produced by any 
processing route. 

55 

Example 5, Comparative Example A 

[0064] A water ice solution having the following com- 
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position was prepared as follows; 





Weight % 


Sucrose 

Locust Bean Gum 
Water 


20.0 
0.2 

to 100 



Total soluble solids; 20.2% by weight 
Ice content at -18°C; 70% by weight 
[0065] The water ice solution was prepared as fol- 
lows; 

[0066] All the water ice ingredients except AFP were 
mixed together using a high shear mixer for approxi- 
mately 3 minutes. The water being added at a temper- 
ature at 80°C. The temperature of the water ice mix was 
approximately 55-65°C after mixing. 
[0067] The mix was then passed through to a plate 
heat exchanger for pasteurisation at 81 °C for 25 sec- 
onds. The mix was then cooled to approximately 4°C in 
the plate heat exchanger prior to use. 
[0068] After pasteurisation Type III AFP (as described 
in WO 97/02343) was added to the water ice solution in 
the following concentrations; 

Example 5 - 0.005 % by weight 

Comparative Example A - no AFP 

[006S] The water ice solution was frozen quiescently 
with no overrun being introduced as follows: The water 
ice solution was poured into split metal moulds produc- 
ing bars having the dimensions 25 x 25 x 200mm. They 
were then placed in the cold store overnight to freeze 
quiescently at a temperature of -25°C. The next day, the 
test bars were demoulded, placed in polythene bags 
and stored at -25°C. 

[0070] The Euler-Poincare characteristic was meas- 
ured as in Example 4. 
[0071] Results are shown in Table 1 . 



Table 1 



Example 


Euler-Poincare characteristic (mm- 2 ) 


5 


-383 


A 


4.3 



Examples 6 & 7, Comparative Example B 



[0072] A water ice solution having the following com- 
position was prepared as follows; 





Weight % 


Sucrose 

Locust Bean Gum 
Water 


20.0 
0.2 

to 100 



Total soluble solids; 20.2% by weight 
Ice content at -18°C; 70% by weight 
[0073] The water ice solution was prepared as in Ex- 
ample 5. After pastcuricsibr. Typo !!! AFP (as described 
5 in WO 97/02343) was added to the water ice solution in 
the following concentrations; 

Example 6 - 0.0005% by weight 

10 Example 7 - 0.005 % by weight 

Comparative Example B - no AFP 

[0074] The water ice solution was frozen in a Techno- 
15 hoy MF 75 scraped surface heat exchanger with no 
overrun being introduced. The water ice was extruded 
at a temperature of from -3.9°C to -5.6°C. The product 
was then hardened in a blast freezer at -35°C, then 
stored at -25°C. 
20 [0075] Contiguity was measured as in Example 2. 
[0076] Results are shown in Table 2 



Table 2 



Example 


Contiguity 


6 


0.24 


7 


0.22 


B 


0.11 



30 

Example 8 

[0077] Production of a "gobstopper" product having 
different coloured and flavored water ice layers sequen- 

35 tially built up around an ice cream core. 

[0078] The use of water ice composition according to 
the invention provides a product which is very hard and 
forces the consumer to lick, rather than bite, the product 
and so each water ice layer is gradually revealed. 

4 0 [0079] Further, the layers of water ice remain discrete 
and little or no colour "bleed" between layers is ob- 
served. 

[0080] An unaerated sphere of ice cream (20-30mm 
in diameter) having the following formulation was 
45 moulded onto a stick as follows; 

Ice cream composition 

[0081] 





% (weight) 


Double Cream 
Skimmed Milk Powder 
Sucrose 
Water 


26.5 
9.2 
16.0 
to 100 



[0082] The ice cream pre-mix was poured into an alu- 
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minium mould and the mould was cooled in a blast freez- 
er at -35°C. When the ice cream pre-mix was partially 
frozen a stick was inserted. When totally frozen the ice 
cream was demculded by spraying the outside of the 
mould with water at 50°C. 

[0083] The ice cream core was pre-cooied by immer- 
sion in solid C0 2 (dry ice) for approximately 2 minutes 
then dipped into a water ice mix having the following for- 
mulation; 

Water Ice Composition 
[0084] 



% (weight) 


Sucrose 


15.0 


Dextrose 


5.0 


Locust Bean Gum 


0.25 


Citric Acid 


0.5 


Flavour / Colour 


0.2 


Type III AFP* 


0.005 


Water 


to 100 



Total Solids; 20.5% 

Ice Content at -18°C; 68.0% by weight 
[0085] The product was then sequentially dipped into 
water ice mix to build up a number of layers (typically 
from 12 to 1 5) of different colours and flavours. Between 
each dip into the water ice mix the product was cooled 
in dry ice to facilitate pick-up of the next water ice layer. 
[0086] The resulting product was a sphere of approx- 
imately 3 - 5 cm diameter. 

Example 9 

[0087] A water ice solution having the following com- 
position was prepared; 





% weight 


Sucrose 


10.0 


Glucose 


5.0 


Locust Bean Gum 


0.2 


Citric Acid 


0.5 


Water 


to 100 



[0088] The composition was divided into four and the 
following colour and/or AFP added. 



(i) 


Cherry flavour/colour 


0.5% w/w 




AFP* 


0.005% w/w 


(ii) 


AFP* 


0.005% w/w 


(iii) 


Cherry flavour/colour 


0.5% w/w 



* AFP as in WO 97/02343 



(continued) 
"(iv) | No additions 



5 [0089] Dual colour water ice monobites were manu- 
factured either out of (i) and (ii) above (i.e. containing 
AFP) or out of (iii) and (iv) above (no AFP) as follows: 
[0090] 5ml of non-coloured water ice solution ((ii) or 
(iv)) was aliquoted into latex ice cube moulds. This was 

10 frozen for 1 hour in a blast freezer at -35°C. 5ml of red 
water ice mix ((i) or (iii)) was then used to fill the remain- 
ing mould volume and the moulds were blast frozen at 
-35°C for a further hour. The moulds were then trans- 
ferred to a cold store at -25°C overnight prior to de- 

15 moulding. Once demoulded, the monobites were trans- 
ferred into individual plastic pots with sealed lids and 
stored at -1 0°C for 1 , 2, 3, 5 & 7 weeks. 
[0091] Photographs were taken at time 0 and after the 
specified time period. 

20 [0092] Whereas the AFP containing sample showed 
little or no merging of the colours even after 7 weeks at 
-10°C, the non-AFP containing sample showed colour 
merging after only 1 week at -1 0°C and the entire sam- 
ple was almost a single blended colour after 7 weeks at 

25 -10°C. 

Example 10 

[0093] Water ice samples in three flavours, with and 
30 without AFP, were manufactured and assessed by Time 
Intensity sensory methodology, as detailed below. 

Water Ice Samples 

35 [0094] 





% (w/w) 


Sucrose 
Glucose 
Stabiliser 
Citric Acid 
AFP* 

Colour / Flavour 
Water 

Orange Flavour / Co 
Strawberry Flavour / 
Cherry Flavour / Col 


13.7 

5.9 

0.15 

0.3 

0.005 

see below 

to 100 

our: 1.0% 
Colour : 0.8% 
Dur : 0.3% 



* as described in WO 97/02343 



[0095] All the water ice ingredients except AFP were 
55 mixed together using a high shear mixer for approxi- 
mately 3 minutes. The water being added at a temper- 
ature of 80°C. The temperature of the water ice mix was 
approximately 55-65°C after mixing. 



7 
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[0096] The mix was then homogenized at 137.9 bar 
(2000 psi) and passed through to a plate heat exchanger 
for pasteurization at 81 °C for 25 seconds. The mix was 
then cooled to approximately 4°C in the plate heat ex- 
changer prior to use. 

[0097] All products were prepared in the same way. 
Liquid mixes were dispensed into small plastic tubs (ap- 
proximately 100ml) at chill temperatures (4°C). These 
tubs were then blast frozen for 3 hours at -35°C before 
being transferred to cold storage at -25°C. Prior to as- 
sessment these blocks of water ice were cut into uniform 
size pieces (approx 2 cm x 2 cm x 1 cm) and equilibrated 
to -18°C overnight. 

Sensory Methodology 

[0098] Products were assessed by a highly trained 
sensory panel. 

[0099] A Descriptive Analysis methodology was used 
whereby trained panellists identified and quantified the 
main sensory properties of water ices with and without 
AFP. The basic features which this method involves are 
given in Sensory Evaluation Techniques, 2 nd Edition 
(1991) M Meilgaard, G. V. Civille and B. T. Carr, CRC 
Press and include; 

The development of the sensory descriptors by the 
panel, referred to hereafter as the attribute profile. 

• Consensus agreement of common scores on each 
sensory attribute of a 'control' product. 

Assessment of some commercial and experimental 
samples to monitor panel performance prior to the 
panelling of all the experimental samples. 

All tasting sessions are carried out in individual 
booths, in a controlled environment to eliminate bi- 
as from external variables. 

Analysis of data via Analysis of Variance (ANOVA) 
with Duncan's Multiple Range comparison test to 
check for statistically significant (p=<0.05) differ- 
ences between samples. 

Time Intensity Panelling 

[0100] Time Intensity (Tl) is a method of sensory pro- 
filing that measures how an individual attribute changes 
with time, giving a quantifiable measurement of the "dy- 
namic" aspects of sensory perception. It differs from oth- 
er sensory techniques in that all panellists are treated 
as individuals and therefore it is important that they are 
reproducible within themselves rather than against 
some panel mean. 



14 

Background to Data Analysis 

[0101] The approach to the analysis of Tl data is to 
calculate a number of parameters (e.g. Maximum 

5 height, area under the curve) that characterize each 
curve, and then analyse how test factors (such as prod- 
uct used) affect the values of these parameters. The em- 
phasis of this approach is, therefore, to find significant 
differences between products rather than individual 

10 panellist differences. 

Experimental Design 

[0102] The trial was carried out using a statistical de- 
15 sign. Products were presented in a random order, a blind 

control was included and an open control was used at 

the beginning of each session. 

Number of panellist: 10 

Number of session : 3 for each trial 
20 Period of time allow for the evaluation : 30 seconds 

Samples Assessed (formulations as detailed above); 

[0103] 

25 

1. Cherry Water Ice 

2. Cherry Water Ice + AFP 

3. Strawberry Water Ice 

4. Strawberry Water Ice + AFP 
30 5. Orange Water Ice 

6. Orange Water Ice + AFP 

Results 

35 a . Strawberry Flavour 

[0104] The mean duration of the maximum strength 
of flavour was significantly longer for the sample con- 
taining AFP than the control. 

40 

b. Cherry Flavour 

[0105] The mean duration of the maximum strength 
of flavour was significantly longer for the sample con- 
45 taining AFP than the control. 

c. Orange Flavour 

[0106] The mean duration of the maximum strength 
50 of flavour was significantly longer for the sample con- 
taining AFP than the control. 



Claims 

55 

1. Use of an antifreeze protein within an ice confection 
to restrict the flow of flavour or colour ions or mole- 
cules present as either solutes or. a dispersion, 
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wherein the ice confection contains no protein other 
than the antifreeze protein. 

2. Use of an antifreeze protein according to claim 1 
wherein the ice confection is a water ice. 

3. Use of an antifreeze protein according to claim 2 
wherein the water ice is unaerated. 

4. Use of an antifreeze protein according to any pre- 
ceding claim, wherein the antifreeze protein is cho- 
sen such that it provides an aspect ratio of more 
than 1 .9, preferably from 1 .9 to 3.0, more preferably 
from 2.0 to 2.9, most preferably from 2.1 to 2.8, to 
the ice crystal. 

5. Use of an antifreeze protein according to any pre- 
ceding claim, wherein the antifreeze protein is AFP 
Type III HPLC12. 

6. Use of an antifreeze protein according to any pre- 
ceding claim, wherein the antifreeze protein is 
present at a concentration of at least 0.0005% by 
weight, preferably at least 0.0025% by weight. 

7. Use of an antifreeze protein according to any pre- 
ceding claim, wherein the unaerated ice confection 
has a contiguity of at least 0.2 and an ice content of 
from 50 to 90% by weight when measured at -1 8°C. 

8. Use of an antifreeze protein according to any pre- 
ceding claim, wherein the unaerated ice confection 
has a Euler-Poincare characteristic of less than 
-1 50mm 2 and an ice content of from 50 to 90% by 
weight when measured at-18°C. 

9. Method of restricting the flow of flavour or colour 
ions or molecules present as either solutes or a dis- 
persion within an ice confection, whereby the ice 
confection composition contains; 

(i) an antifreeze protein 

(ii) no protein other than the antifreeze protein. 



Patentanspruche 

1. Verwendung eines Frostschutzproteins in einem 
Eiskonfekt zur Beschrankung des Flieliens von Ge- 
schmacks- oder Farb-lonen Oder -Molekulen, die 
entwederals geloste Stoffe oder als Dispersion vor- 
liegen, wobei das Eiskonfekt kein anderes Protein 
als das Frostschutzprotein enthalt. 

2. Verwendung eines Frostschutzproteins nach An- 
spruch 1, wobei das Eiskonfekt ein Wassereis ist. 

3. Verwendung eines Frostschutzproteins nach An- 
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spruch 2, wobei das Wassereis nicht mit Luft ver- 
setzt ist. 

4. Verwendung eines Frostschutzproteins nach einem 
s vorhergehenden Anspruch, wobei das Frostschutz- 
protein so ausgewShlt ist, dass es eine Verhaltnis- 
zahl vonmehrals 1 ,9, vorzugsweise von 1,9 bis 3,0, 
mehr bevorzugt von 2,0 bis 2,9, am meisten bevor- 
zugt von 2,1 bis 2,8, zum Eiskristall hat. 

10 

5. Verwendung eines Frostschutzproteins nach einem 
vorhergehenden Anspruch, wobei das Frostschutz- 
protein AFP Typ III HPLC12 ist. 

15 6. Verwendung eines Frostschutzproteins nach einem 
vorhergehenden Anspruch, wobei das Frostschutz- 
protein in einer Konzentration von mindestens 
0,0005 Gew.-%, vorzugsweise mindestens 0,0025 
Gew.-%, vorhanden ist. 

20 

7. Verwendung eines Frostschutzproteins nach einem 
vorhergehenden Anspruch, wobei das nicht mit Luft 
versetzte Eiskonfekt eine Kontiguitat von minde- 
stens 0,2 und einen Eisgehalt von 50 bis 90 Gew.- 

25 % bei Messung bei -18°C aufweist. 

8. Verwendung eines Frostschutzproteins nach einem 
vorhergehenden Anspruch, wobei das nicht mit Luft 
versetzte Eiskonfekt ein Euler-Poincare-Merkmal 

30 von weniger als -1 50mm" 2 und einen Eisgehalt von 
50 bis 90 Gew.-% bei Messung bei -18°C aufweist. 

9. Verfahren zur Einschrankung des Flieliens von Ge- 
schmacksoder Farb-lonen oder -Molekulen, die 

35 entweder als geloste Stoffe oder als Dispersion in 
einem Eiskonfekt vorliegen, wobei die Eiskonfekt- 
Zusammensetzung enthalt: 

(i) ein Frostschutzprotein 
40 (ii) kein anderes Protein als das Frostschutz- 

protein. 



Revendications 

45 

1. Utilisation d'une proteine antigel dans une confise- 
rie glacee afin de reduire I'ecoulement des ions ou 
des molecules de parfum ou de colorant qui sont 
presents soit sous la forme de solutes, soil sous la 

50 forme de dispersion, dans laquelle la confiserie gla- 
cee ne contient pas d'autre proteine que la proteine 
antigel. 

2. Utilisation d'une proteine antigel selon la revendi- 
55 cation 1 , dans laquelle la confiserie glacee est une 

glace a I'eau. 

3. Utilisation d'une proteine antigel selon la revendi- 
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cation 2, dans laquelle la glace a I'eau n'est pas ae- 
ree. 

conque des revendications precedente, dans la- 5 
quelle la proteine antigel est choisie de telle sorte 
qu'elle fournisse un rapport d'aspect de plus de 1 ,9, 
de preference allantde 1,9 a 3,0, de facon plus pre- 
ferentielle de 2,0 a 2,9, de la facon la plus preferee 
de 2,1 a 2,8, par rapport au cristal de glace. <o 

5. Utilisation d'une proteine antigel selon I'une quel- 
conque des revendications precedentes, dans la- 
quelle la proteine antigel est AFP Type III HPLC12. 

6. Utilisation d'une proteine antigel selon I'une quel- 
conque des revendications precedentes, dans la- 
quelle la proteine antigel est presente a une con- 
centration d'au moins 0,0005 % en poids, de prefe- 
rence d'au moins 0,0025 % en poids. 20 

7. Utilisation d'un proteine antigel selon I'une quelcon- 
que des revendications precedentes, dans laquelle 
la confiserie glacee non aeree a une contiguTte d'au 
moins 0,2 et une teneur en glace allant de 50 a 90 25 
% en poids, telle que mesuree a - 18°C. 

8. Utilisation d'une proteine antigel selon I'une quel- 
conque des revendications precedentes, dans la- 
quelle la confiserie glacee non aeree a une carac- 30 
teristique Euler-Poincare inferieure a -150 mm 2 et 
une teneur en glace allant de 50 a 90 % en poids, 
telle que mesuree a -18°C. 

9. Procede de limitation de Pecoulement des ions ou 35 
des molecules de parfum ou de colorant presents 
sois sous ia forme de solutes soit sous la forme de 
dispersion dans une composition de confiserie gla- 
cee, grace a quoi la composition de confiserie gla- 
cee contient : 40 

i) une proteine antigel 

ii) aucune autre proteine que la proteine anti- 
gel. 
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